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Abstract Visual search has been used extensively to
investigate differences in mid-level visual processing
between individuals with ASD and TD individuals. The
current study employed two visual search paradigms with
Gaborized stimuli to assess the impact of task distractors
(Experiment 1) and task instruction (Experiment 2) on
local–global visual processing in ASD versus TD children.
Experiment 1 revealed both groups to be equally sensitive
to the absence or presence of a distractor, regardless of the
type of target or type of distractor. Experiment 2 revealed a
differential effect of task instruction for ASD compared to
TD, regardless of the type of target. Taken together, these
results stress the importance of task factors in the study of
local–global visual processing in ASD.
Keywords Autism spectrum disorder (ASD)  Visual
search  Local–global  Interference  Task instruction 
Gabor
Introduction
Visual search, or the ability to locate an object amongst an
array of stimuli, has been extensively studied over the past
40 years (Eckstein 2011). The task typically involves an
active scan of the visual environment to locate a particular
object or feature (the target) among other objects or fea-
tures (the distractors). Examples of this can be seen in
everyday life, for instance, when one is trying to find a
product on the shelves of the refrigerator or when one is
trying to find a friend in a crowd of people. There are two
types of search: feature search and conjunction search.
Feature search (also known as ‘‘disjunctive’’ or ‘‘efficient’’
search) is present in cases where the target and the dis-
tractors are differentiated by a single property such as
color, shape, orientation, or size (Treisman and Gelade
1980). Typical examples are a red X among blue X’s, or a
green T amongst green Q’s. Single feature search is char-
acterized by a ‘‘pop-out’’ effect: the target leaps from the
display without any effort on the part of the observer and
the search time is unaffected by the set size of the dis-
tractors (Wang et al. 1994). Conjunction search (also
known as ‘‘inefficient’’ search) occurs when the target and
the distractors share similarities in more than one single
visual property, and when the combination or the unique
conjunction of these properties makes the target stand out
(Treisman and Gelade 1980). A typical example is a red X
amongst red T’s and blue X’s. The fact that the target
shares a feature with each of the distractors makes the
target harder to be identified. This type of search therefore
typically requires a more or less serial search strategy.
Accordingly, the target no longer pops out and search times
vary almost linearly with the number of distractors.
Visual search comprises a set of complex behaviors that
encompass many aspects central to cognitive functioning.
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Amongst others, it involves covert visual attention (in-
cluding zooming, selection, shifting), temporal integration
of information across eye movements, memory for con-
figurations, decision strategies, and oculomotor control
(Eckstein 2011). The strength of the search paradigm lies
in its versatility and the extent to which it can be modified
to investigate a wide variety of aspects of visual cognition
(e.g. perceptual grouping, working memory, spatial reso-
lution, dual-task interference; for an overview, see Eckstein
2011). In addition, visual search has been used to investi-
gate individual differences, as well as differences between
typically developing (TD) groups and specific population
groups, such as young children or aging adults, or clinical
populations, such as individuals with attention deficit
hyperactivity disorder (ADHD) or autism spectrum disor-
der (ASD).
Along those lines, visual search has been used in par-
ticular to investigate differences in mid-level visual pro-
cessing (e.g., enhanced discrimination or reduced
grouping) between individuals with and without ASD. This
line of research situates itself within a vast and broader
research field on atypical perceptual organization in ASD.
Here, the focus lies on the interplay of local and global
perception in ASD, and the extent to which that interplay
deviates from typical development. Overall, however,
research on local and global perception in ASD has yielded
inconsistent and contradictory results (for reviews, see
Behrmann et al. 2006; Simmons et al. 2009). Although
some researchers have found visual atypicalities for ASD
in terms of enhanced local perception and others in terms
of a diminished performance for global perception, many
have failed to replicate one or both of these phenomena. A
recent meta-analysis (Van der Hallen et al. 2015a) bundled
56 studies on atypical perceptual organization in ASD and
suggests that differences between individuals with ASD
and TD individuals are limited to the speed with which
global information is processed: Individuals with ASD
proved slower in global-order perception than TD indi-
viduals, in particular when having to attend to global order
while incongruent information is present at the local level.
No other consistent group differences were revealed.
However, similar to the larger research field this
research is embedded in, research on visual search in ASD
has largely yielded inconsistent results. While some
researchers found evidence of superior search in autism
(e.g., Joseph et al. 2009; O’Riordan et al. 2001), others
failed to find any differences (e.g., Iarocci and Armstrong
2014). Instances of superior search in ASD are usually
taken as evidence of reduced global visual processing, or
increased tendencies or abilities for more local, detail-ori-
ented information processing in ASD (Happe´ and Booth
2008; Kaldy et al. 2013; Mottron et al. 2006). While the
meta-analysis by Van der Hallen et al. (2015a) failed to
find a reliable group difference between individuals with
ASD and TD individuals for visual search, Kaldy et al.
(2013) argue that, based on a mini-review on search in
ASD they have conducted, an ASD advantage in visual
search does stand on firm empirical ground.
Despite these mixed findings and mixed summary con-
clusions, the versatility of search paradigms in general,
continues to make these paradigms valuable for ASD
research. In the current study we pursued this approach and
investigated the impact of task distractors (Experiment 1)
and the effect of presentation mode and task instruction
(Experiment 2) on search in ASD versus TD individuals.
Both experiments use a common search paradigm and a
similar type of display comprised of Gabor elements.
Gabor elements have clearly defined local features such as
orientation, spatial frequency and contrast, without being
strictly bounded in space and discrete, like line segments.
Technically, they are the product of a sinusoidal luminance
grating modulated by a two-dimensional Gaussian window.
Gabor elements closely model the receptive field properties
of orientation-selective simple cells in the primary visual
cortex (V1). As they model the known spatial-frequency
processing properties of cells in area V1, the use of these
has clear advantages compared to stimuli with unknown
effects on V1 neurons (e.g., arbitrarily constructed lines
and dots). Displays with Gabor elements are highly con-
trollable and allow for well-controlled experimental
designs. For that reason, they have been widely used in
low-level vision research and contour integration studies
(for a review, see Hess et al. 2015).
In the present studies, embedded in a larger field of
background Gabor elements, search targets are defined by a
local difference in contrast or orientation, or by a more
global arrangement of the Gabor elements (a closed shape
or a curvilinear group called a ‘‘snake’’).
In Experiment 1 Gaborized visual search is employed to
investigate the impact of interfering distractors. Studying
distractor interference in ASD is a relatively new topic. In
these types of studies participants are asked to ignore
competing distractors while attempting to focus on the
target stimulus. For the most part, studies on distractor
interference show evidence of increased interference for
individuals with ASD, compared to typically developing
participants (Adams and Jarrold 2012). This means that,
compared to TD individuals, individuals with ASD expe-
rience more hindrance of distractors and find it harder to
ignore them altogether. Most of the work on distractor
interference has been done using classic response inhibi-
tion paradigms, such as the flanker paradigm. In a flanker
task the target is usually flanked by non-target stimuli
which correspond either to the same directional response as
the target (congruent flankers), to the opposite response
(incongruent flankers), or to neither responses (neutral
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flankers) (Eriksen and Eriksen 1974). Some of the evidence
on distractor interference comes from other experimental
paradigms, such as the well-known Navon paradigm
(Navon 1977). In a standard selective attention version of
this paradigm, participants are asked to focus on one level
of the stimuli (i.e., the small letters or figures) for one part,
and then asked to focus on the other level of the stimuli
(i.e., the large letters or figures) for the other part of the
experiment. From these studies, one can extract to what
extent participants experience interference between levels,
and in what direction, small-to-large or large-to-small, this
interference is strongest. Here, researchers sometimes find
local-to-global interference for ASD, rather than the more
common global-to-local interference effect often found in
TD (e.g., Wang et al. 2007). Such evidence does not sug-
gest a difference in overall sensitivity to distractors
between individuals with and without ASD, but a differ-
ence in sensitivity that is dependent on the particular type
of distractor and its relationship to the target.
To evaluate these effects of distractor interference fur-
ther, Experiment 1 entails a Gaborized visual search task
where we investigated participants’ performance for
locating a predefined target and ignoring the distractors, for
both local and global targets, and local and global dis-
tractors. We hypothesize that children with ASD would
experience more local-to-global interference (distractor
interference by local distractors), compared to more global-
to-local interference (distractor interference by global dis-
tractors) for TD individuals.
In Experiment 2 Gaborized visual search is employed to
investigate the influence of implicit versus explicit task
instructions on local–global visual processing. Real-life
situations require implicit and automatic processing, rather
than explicit processing. For instance, when driving a car,
one needs to be able to evaluate traffic situations on the spot
and as an integrated whole in order to react adequately to
specific elements in the context of that scene (e.g., a child on
the sidewalk, ready to step onto the street). If there is slower
integration of the different elements and less automatic
global visual processing, as has been suggested for individ-
uals with ASD (Van der Hallen et al. 2015a), one will not be
able to respond as adequately and will end up at risk for car
accidents or traffic violations. While in real-life situations
one is not explicitly informed as to how one should process
the incoming information best, experimental test situations
often make this explicit, which might help individuals with
ASD to adopt the right processing style, thereby masking
evidence of possible habitual differences (i.e., a perceptual
bias). This difference between the real-life world and an
experimental setting might be one of the reasons that visual
atypicalities in natural situations are often reported by
(family members of) individuals with ASD, but remain dif-
ficult to elucidate in experimental settings.
One study that investigated the impact of spontaneous
versus instructed visual processing is a study by Koldewyn
et al. (2013). Koldewyn and colleagues tested a large group
of children on both a free-choice task and an instructed task
using Navon stimuli. Although children with ASD showed
a reduced preference to report global properties of a
stimulus when given a choice, their ability to process
global properties when explicitly instructed to do so, was
unimpaired. With this research, Koldewyn et al. indicated
that children with ASD have intact global information
processing abilities, yet are less inclined to attend to and
report global information. This study was one of the first to
actually hint at the importance of presentation mode for
individuals with ASD. Experiment 2 aims to investigate
this effect further. Therefore, we administered a Gaborized
visual search task in which the implicit or explicit nature of
the local versus global task instruction was directly
manipulated. Note that implicit versus explicit here refers
to the degree to which participants were made aware what
particular targets to look for, rather than that they were
unaware of the task purpose in general, as is often the case
in tasks referred to as ‘implicit’ tasks. We hypothesize that
children with ASD would show intact local and global
visual processing in the explicit task conditions, with clear-
cut instructions, but impaired global visual processing in
the implicit task conditions.
Experiment 1
Methods
Participants
The research protocol was administered to 6-to-10-year
old Dutch-speaking children who reported normal or cor-
rected-to-normal vision. Demographic details of the ASD
and the TD group can be found in Table 1.
The experimental group consisted of 21 children with a
formal clinical diagnosis of ASD, diagnosed according to
DSM-IV-TR criteria (American Psychiatric Association
2000) in a multidisciplinary team or by a child psychiatrist.
Recruitment was set up via the Autism Expertise Centre of
the University Hospitals Leuven (n = 13) or special needs
schools for children with ASD (n = 8). ASD diagnoses
were re-confirmed within the research protocol using the
Dutch version of the Autism Diagnostic Observation Scale
conducted by a trained clinical psychologist (ADOS-2:
Gotham et al. 2006) in 19 of the 21 children.
The comparison group consisted of 40 TD children,
recruited via mainstream schools. Children with a known
child psychiatric disorder or children with a first-degree
family member with a developmental disorder (information
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123
gathered from parents) were excluded. Based on the par-
ticular research questions (see Data-Analysis and Results
sections), we selected different sub-samples of ASD and
TD participants, which were group-wise matched based on
intelligence, age and gender-ratio (see Table 1; Tables 4, 5
in Online Appendix 1).
Intellectual abilities were estimated by an abbreviated
version (Sattler 2001) of the Wechsler Intelligence Scale
for Children, Third Edition (WISC-III-NL; Wechsler
1992). ASD symptomatology was evaluated using the SRS
(Roeyers et al. 2011).
Procedure
The study was approved by the ethical committee of the
university hospital, and was incorporated within a larger
series of studies on visual perception and socio-emotional
processing in ASD. The order of the different experiments
was randomized, with long breaks in-between experiments.
Participation was rewarded with a small present and par-
ents received a mileage allowance, when applicable.
All participants were individually tested in a quiet and
darkened room. Participants were seated approximately
57 cm from a 17-in. computer screen (pixel resolution
1024 by 768, 16-bit color, 75 Hz refresh rate). They were
presented with a Gaborized search task and were instructed
to indicate whether the predefined target was situated on
the left or right side of the screen, by pressing one of two
keyboard buttons. Participants were encouraged to respond
as fast and accurately as possible. The number of partici-
pants assigned to each condition can be found in Table 2.
The experiment consisted of two blocks of 60 trials with
an explicit instruction defining the target (local vs. global).
In each trial a target stimulus was present. Half of the
participants started with the block with the local target and
then completed the block with the global target. The other
half of the participants started with the block with the
global target and then completed the block with the local
target (see Table 2). In two-thirds of the trials a distractor
was present. If a distractor was present, it was either
present in the same half (40 trials) or in the other half (40
trials) of the screen displaying the target. Based on the
location of the distractor with regard to the location of the
target, we refer to the distractor as ‘‘consistent’’ (same side)
or ‘‘inconsistent’’ (other side). At the start of each trial, a
two-second fixation cross was followed by the appearance
of the test stimulus. The stimulus remained on the screen
until the participants had responded. No feedback was
provided. All participants completed an extensive step-by-
step practice protocol with 6 practice trials before com-
mencing with each block of test trials. Stimuli were pre-
sented and responses were recorded within the E-prime
environment (E-prime version 1.1.41. PST Inc.).
Stimuli
Stimuli consisted of 19.79 by 19.61 displays of randomly
oriented Gabor elements containing a target either on the
left or right side of the screen. All stimuli were created with
the Grouping Elements Rendering Toolbox (GERT:
Demeyer and Machilsen 2012), which is especially well-
equipped to generate stimulus displays where a contour is
embedded in a field of randomly positioned background
elements, and takes into account local density cues that
could influence detection of the target (Machilsen et al.
2015).
The local targets were constructed as one single Gabor
element displaying a higher contrast than the background
Gabor elements. The global targets were constructed from
multiple Gabor elements constituting either an open
Table 1 Experiment 1: participant characteristics (main analysis)
ASD group (n = 21: 18 boys, 3 girls) TD group (n = 33: 29 boys, 4 girls) Two-sided t test
M SD M SD p value
Age (years) 8 1 8 1 .66
Verbal IQ 102 13 108 41 .11
Performance IQ 104 14 105 38 .80
SRS 92 19 32 22 \.0001
ADOS 5.43 1.83 N/A N/A N/A
SRS data of one participant with ASD and of five TD participants are missing
Table 2 Number of participants per global type 9 block order
Block order ASD TD
Shape Snake Shape Snake
(n = 9) (n = 12) (n = 23) (n = 17)
Local then global n = 5 n = 6 n = 11 n = 9
Global then local n = 4 n = 6 n = 12 n = 8
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curvilinear arrangement (referred to as ‘‘a snake’’ and
comprised of approx. 11 Gabor elements) or a closed
random shape (a ‘‘radial frequency pattern’’ or RFP, gen-
erated by a quasi-random combination of sinusoı¨dally
modulated protrusions and indentations, comprised of
approx. 28 Gabor elements). Half of the participants were
presented with the snake, the other half were presented
RFPs as global pattern (see Table 2).
In the baseline condition, no distractor was present (i.e.
none of the background elements differed from the others
in terms of contrast, and their orientations were all random
without grouping). In the distractor conditions, an addi-
tional distinctive element or arrangement was present,
which could attract attention in addition to the actual target
and could therefore be ‘‘distracting’’. In the consistent
distractor condition, the distractor was located in the same
half of the screen as the target. In the inconsistent distractor
condition, the distractor was located in the opposite half of
the screen as the target. In the ‘‘local blocks’’ (contrast-
defined single target), distractors consisted of more glob-
ally defined groups of elements (snakes or shapes), while in
the ‘‘global blocks’’ (where targets were snakes or shapes),
distractors were locally distinctive elements (with
enhanced contrast). Examples of the stimuli can be found
in Fig. 1.
Data-Analysis
Reaction times (RT) and mean accuracy were analyzed.
Only RTs (expressed in milliseconds) of correctly
responded trials were analyzed, and RTs smaller than
100 ms or over 10,000 ms were excluded from further
analysis, resulting in the exclusion of 1.02 % of all trials.
Assumptions of normality and homogeneity were checked
by visual inspection of the histogram, qq-plot as well as a
Shapiro–Wilk and Kolmogorov–Smirnov test. In order to
meet the assumptions a logarithmic transformation of the
RT data and an arc-sine transformation of the accuracy
rates were performed. Analyses were performed with and
without outliers (i.e. more than two standard deviations
below or above the group’s mean). If and when the
exclusion of the outliers changed the results, this was stated
clearly. All analysis were conducted using the general
statistical software package SAS, Version 9.4 of the SAS
System for Windows (SAS University Edition 2013).
Significance tests were conducted with a significance level
of p\ .05. Post-hoc tests were Tukey–Kramer-corrected.
First, we evaluated the overall influence of the between-
subjects variables Block Order (global-then-local vs. local-
then-global) and Global Type (snake vs. shape) in two
separate analyses. Both factors were manipulated as
between-subjects variables. The number of participants
assigned to each condition can be found in Table 2. We
selected sub-samples of the original ASD and TD groups,
such that the ASD and TD sample were group-wise mat-
ched (see Tables 4, 5 in Online Appendix 1). Then two
repeated-measures mixed models were applied, including
Group (ASD vs. TD), one of the two between-subjects
variables (either Block Order or Global Type), and the
interaction (Block Order 9 Group, or Global Type 9
Group, respectively) as fixed factors in our model, and both
subject and intercept as random factors. As these preceding
analyses did not reveal a differential group effect of the
between-subjects variable (i.e., no significant interaction
between Group 9 Block Order nor between Group 9
Global Target; see Results section), the respective
between-subjects factors were not included in further
analyses.
Next, matched participant samples were again selected
(see Table 1), and a mixed models analysis was performed.
We included the following fixed factors in the full model:
Group (ASD vs. TD), Target Level (Local vs. Global),
Distractor condition (Baseline vs. Congruent vs. Incon-
gruent), and all two- and three-way interactions. Subject
and intercept were included as random factors. A backward
selection procedure was used, taking fit statistics into
account. Only results of the final model are reported.
Results
Preceding Analyses of Between-Subjects Factors
A repeated-measures mixed model analysis with Group
and Block Order as between-subject variable and accuracy
as dependent variable, revealed a main effect of Group,
indicating that the ASD sample was outperformed by the
TD group (F(1, 50) = 6.83, p = .01). No main effect of
Block Order (F(1, 50) = .40, p = .53) nor a significant
Group 9 Order interaction (F(1, 50) = 1.17, p = .28)
were found. A similar model with logRT as dependent
variable revealed a trend for Block Order (F(1, 50) = 3.63,
p = .06; after exclusion of outliers: F(1, 48) = 8.00,
p\ .01): across both participant groups, responses tended
to be slower in the Local-then-global condition compared
to the Global-then-local condition. No main effect of
Group (F(1, 50) = .13, p = .72) nor a significant Block
Order 9 Group interaction (F(1, 50) = .78, p = .38) were
found.
A repeated-measures mixed model analysis with Group
and Global Type as between-subject variable and accuracy
as dependent variable revealed a main effect of Group
(F(1, 50) = 9.53, p\ .005) and a main effect of Global
Type (F(1, 50) = 4.79, p = .03) but no significant of
Group 9 Global Type interaction effect (F(1, 50) = .70,
p = .41). The TD group was significantly more accurate
than the ASD sample, and snakes were detected with a
J Autism Dev Disord (2016) 46:3023–3036 3027
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higher accuracy than closed shapes. However, no evidence
for a differential effect of Global Type across both partic-
ipant groups was found. A similar model with logRT as
dependent variable, however, revealed no main effect of
Group (F(1, 50) = .22, p = .64), Global Type (F(1,
50) = .31, p = .58), nor Group 9 Global Type interaction
(F(1, 50) = .30, p = .58). Neither of both groups was
faster than the other, nor were they faster for closed shapes
compared to snakes, or otherwise.
Main Analyses of the Within-Subject Factors
Following our strategy as described in Data Analysis,
Order and Global Type were not incorporated in further
analyses.
A repeated-measures mixed model analysis with Group
as between-subject variable, Target Level and Distractor
Condition as within-subject variables, and accuracy as
dependent variable, revealed a main effect of Target Level
(F(1, 53) = 7.05, p = .01) and a main effect of Group
(F(1, 52) = 7.32, p\ .01). Overall, participants were more
accurate for local targets than for global targets, and the TD
group proved more accurate than the ASD group. No main
effect of Distractor condition (F(2, 106) = 1.89, p = .16),
or no significant interaction effects were revealed
(Group 9 Target Level: F(1, 52) = .15, p = .70; Group 9
Distractor condition: F(2, 104) = 1.03, p = .36);
Group 9 Distractor condition 9 Target Level: F(2,
104) = 1.53, p = .22).
A similar model, with logRT as dependent variable
revealed a main effect of Target Level (F(1,
52) = 3762.56, p\ .0001), a main effect of Distractor
condition (F(2, 106) = 14.46, p\ .0001) and a significant
interaction between Group 9 Target Level (F(1,
52) = 7.09, p = .01) and Distractor condition 9 Target
Level (F(2, 106) = 12.70, p\ .0001). There was no main
effect of Group (F(1, 52) = .18, p = .68), nor significant
interaction effects between Group 9 Distractor condition
(F(2, 104) = 1.16, p = .32), or Group 9 Distractor con-
dition 9 Target Level (F(2, 104) = .10, p = .91). The
main effect of Target Level revealed that globally defined
targets were generally found faster than locally defined
targets (F(1, 52) = 3762.56, p\ .0001), whereas the main
effect of Distractor Condition revealed that baseline trials
without distractor were detected faster than incongruent or
congruent distractor trials (F(2, 106) = 14.46, p\ .0001).
Baseline Consistent distractor Inconsistent distractor
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Fig. 1 Examples of the stimuli
used in Experiment 1. Targets
are encircled with a full line.
Distractors are encircled with a
dashed line. The local targets
(top row) were constructed as
one single Gabor element. The
global targets were constructed
from multiple Gabor elements
constituting either an open
curvilinear arrangement (middle
row) or a closed random shape
(bottom row). In the baseline
condition (left column) no
distractor was present in the
consistent distractor condition
(middle column) the distractor
was located in the same half of
the screen as the target. In the
inconsistent distractor condition
(right column) the distractor
was located in the opposite half
of the screen as the target. All
stimuli were created with the
Grouping Elements Rendering
Toolbox (GERT; Demeyer and
Machilsen 2012)
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However, the significant Distractor condition 9 Target
Level interaction indicated that this speed advantage for
baseline trials was only present for the detection of locally
defined targets in the presence of a globally defined dis-
tractor (F(2, 106) = 26.62, p\ .0001) and not for a
globally defined target in the presence of a locally defined
distractor (F(2, 106) = .56, p = .5716), suggesting that the
local distractors had a negligible effect on the detection of
global targets, across both participant groups. No main
effect of Group was found (F(1, 52) = .18, p = .6752),
however, a Group 9 Target Level interaction was revealed
(F(1, 52) = 7.09, p = .0103). Post-hoc tests revealed that
both groups were faster on global targets compared to local
targets. The effect of Target Level proved significant within
each group. Visual exploration of the data (see Fig. 3)
suggests that this effect of Target Level was more accen-
tuated for the ASD group, compared to the TD group.
However, no additional effect of Group was revealed for
either types of targets (p[ .35).
Experiment 2
Methods
Participants
The research protocol was administered 8-to-14-year old
Dutch-children who fulfilled the same inclusion and
exclusion criteria as described in Experiment 1, and were
recruited in the same manner. Demographic details of the
ASD and TD group can be found in Table 3. Note that
there is no overlap in participants between Experiment 1
and Experiment 2. However, most of the participants of
Experiment 2, did take part in a previous, though unrelated
study (Van der Hallen et al. 2015b).
The experimental group consisted of 26 children with a
formal clinical diagnosis of ASD. ASD diagnoses were re-
confirmed within the research protocol using the Dutch
version of the ADOS-2 conducted by a trained clinical
psychologist (Gotham et al. 2006; Dutch version: de Bildt
et al. 2009) in 25 of the 26 children. The comparison group
consisted of 27 typically developing children. Participants
with and without ASD were group-wise matched based on
intelligence, age and gender-ratio.
Intellectual abilities for all participants were estimated
by administering an abbreviated version (Sattler 2001) of
the WISC-III-NL (Wechsler 1992). ASD symptomatology
was evaluated using the SRS (Roeyers et al. 2011).
Procedure
The study was approved by the ethical committee of the
university hospital and was incorporated within a larger
series of studies on visual perception in ASD. The order of
the different experiments was randomized, with long
breaks in-between experiments. Participation was rewarded
with a small present and parents received a mileage
allowance, when applicable.
As in Experiment 1, all participants were individually
tested in a quiet and darkened room. Participants were
seated approximately 57 cm from a 17-in. computer screen
(pixel resolution 1024 by 768, 16-bit color, 75 Hz refresh
rate). They were presented with a Gaborized search task
and instructed to indicate whether the predefined target was
situated on the left or right side of the screen, by pressing
one of two buttons on a two-button response-box. Partici-
pants were encouraged to respond as fast and accurately as
possible.
The experiment consisted of three smaller blocks with
an explicitly defined target, and one large block without
explicit instructions. First, all three stimulus conditions
(i.e., local, open and closed targets) were presented in
separate ‘explicit’ blocks of 80 trials each. The presenta-
tion order of these trial types was counterbalanced between
participants. Thereafter, participants were presented with a
fourth ‘implicit’ block of 120 trials. Here, all three target
types (3 9 40 trials each) were presented intermingled,
during the practice trials as well as when completing the
test trials. In each trial, only one target stimulus was pre-
sent, appearing on the left or right side of the screen. At the
start of each trial, a two-second fixation cross was followed
Table 3 Experiment 2: participant characteristics
ASD group (n = 26: 19 boys, 7 girls) TD group (n = 27: 17 boys, 10 girls) Two-sided t test
Mean SD Mean SD p value
Age (years) 10 2 10 1 .79
Verbal IQ 98 14 103 12 .13
Performance IQ 103 12 103 14 .95
SRS 90 16 48 6 \.0001
ADOS 5.96 1.71 N/A N/A N/A
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by the appearance of the test stimulus. Immediate feedback
was provided, both in the practice and the test trials, as
each response was followed by a green (correct) or red
(incorrect) screen. If participants did not respond within the
eight-second time limit, a red screen was provided and the
next trial was presented. All participants completed an
extensive step-by-step practice protocol with 8 practice
trials before commencing with each block of test trials.
Stimuli were presented and responses were recorded within
the E-prime environment (E-prime version 1.1.41. PST
Inc.).
Stimuli
Stimuli consisted of 25.71 by 17.53 displays of randomly
oriented Gabor elements containing a target either on the
left or right side of the display. As in Experiment 1, all
stimuli were created with the GERT toolbox (Demeyer and
Machilsen 2012).
For the local targets, one single Gabor element was
oriented differently from the orientation of the surrounding
background elements, who all had (more or less) the same
randomly chosen orientation (see below). Differences in
the difficulty level (or complexity) of detecting the local
target were achieved by (1) manipulating the degree of
orientation deviation, namely either 50 (‘simple’) or 35
(‘complex’) relative to the orientation of the background
Gabors, and (2) by presenting the background elements
with or without orientation jitter (orientations varying
between ?12 and -12). The open (global) targets were
constructed from multiple aligned Gabor elements consti-
tuting an open contour. The complexity of the open contour
was manipulated by employing a clearly-defined straight
line (‘simple’) or a less clearly-defined curved line
(‘complex’). The elements of the contour were either pre-
sented with or without orientation jitter (orientations
varying between ?30 and -30). Background elements
were presented in random orientation. The closed (global)
targets were constructed from multiple aligned Gabor ele-
ments constituting a closed contour. The complexity of the
closed contour was manipulated by variation of the number
and amplitude of the sinusoidal frequencies of the RFPs,
yielding shapes with less (‘simple’) or more (‘complex’)
curvature variation. The elements of the contour were
either presented with or without orientation jitter (orien-
tations varying between ?30 and -30). Background
elements were presented in random orientation. Examples
of the stimuli can be found in Fig. 2.
Data-Analysis
RTs and mean accuracy were analyzed. Only RTs (ex-
pressed in milliseconds) of correctly responded trials were
analyzed, and RTs smaller than 100 ms or over 10,000 ms
were excluded from further analysis, resulting in the
exclusion of .98 % of all trials. Assumptions of normality
and homogeneity were checked by means of a visual
inspection of the histogram, qq-plot as well as a Shapiro–
Wilk and Kolmogorov–Smirnov test. As in Experiment 1, a
logarithmical transformation for the RT data and an arc-
sine transformation for the accuracy rates were performed.
Analyses were performed with and without outliers (i.e.
more than two standard deviations below or above the
group’s mean). If and when the exclusion of the outliers
changed the results, this was stated clearly. All analysis
were conducted using the general statistical software
package SAS, Version 9.4 of the SAS System for Windows
(SAS University Edition 2013). Significance tests were
conducted with a significance level of p\ .05. Post-hoc
tests were Tukey–Kramer-corrected (Fig. 3).
Our research design includes Group as between-subject
variable, and Instruction, Target Type, Noise and Com-
plexity as within-subject variables. The variable Instruction
refers to the two types of task instruction: an explicit task
instruction (three shorter blocks of trials, each with its own
predefined target type) or an implicit task instruction (one
longer block with all target types intermingled). The Target
Type refers to the three types of target stimuli, namely
local, open global and closed global search targets. Noise
refers to the absence or presence of orientation noise (or
jitter) on the background elements (in case of local targets)
or the contour elements (in case of open and closed global
targets). Complexity refers to the complexity level of the
target stimulus displayed, which was either a ‘simple’ or a
‘complex’ version of the search target (for the precise
manipulations, which differed for each target type, see
Stimuli section). None of the two-way interactions with
Noise and Complexity yielded particularly interesting
effects. In the interest of readability, these results are
included as Supplementary Material (see Online Appendix
2), rather than reported and discussed in the main text.
Subject and intercept were included in the analysis as
random factors.
Results
A repeated-measures mixed model analysis with accuracy
as dependent variable, Group as between-subject variable,
and Instruction, Target Type, Noise and Complexity as
within-subject variables, revealed a main effect of In-
struction (F(1, 51) = 18.87, p\ .0001), Target Type (F(2,
102) = 45.33, p\ .0001), Noise (F(1, 51) = 369.12,
p\ .0001) and Complexity (F(1, 51) = 735.50,
p\ .0001), as well as a two-way interaction effect of
Group 9 Instruction (F(1, 51) = 6.02, p = .0176) and
Target Type 9 Instruction (F(2, 103) = 19.37, p\ .0001).
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Fig. 2 Examples of the stimuli
used in Experiment 2. Targets
are encircled with a full line.
The local targets (top row) were
constructed as one single Gabor
element. The global targets
were constructed from multiple
Gabor elements constituting
either an open contour (middle
row) or a closed random shape
(bottom row). Of each type of
stimuli, both a more simple (left
column) and more difficult
(right column) version was
created. In addition, all stimuli
were presented with or without
orientation jitter (here shown
without orientation jitter). All
stimuli were created with the
Grouping Elements Rendering
Toolbox (GERT; Demeyer and
Machilsen 2012)
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Fig. 3 Mean reaction times of Experiment 1 for the ASD and TD
group, for both target levels (Local vs. Global) and all three distractor
conditions (Baseline vs. Congruent vs. Incongruent). A repeated-
measures mixed model analysis with logRT as dependent variable
revealed a main effect of Target Level (F(1, 52) = 3762.56,
p\ .0001), a main effect of Distractor condition (F(2,
106) = 14.46, p\ .0001) and a significant interaction between
Group 9 Target Level (F(1, 52) = 7.09, p = .01) and Distractor
condition 9 Target Level (F(2, 106) = 12.70, p\ .0001). Error bars
represent standard error of the mean (SEM)
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None of the three-way interactions proved significant
(p[ .12). The main effect of Instruction revealed that, for
both ASD and TD group, participants were more accurate
on the second task with implicit task instruction (M = .92,
SD = .13), compared to the first task with explicit task
instruction (M = .91, SD = .12). However, the significant
interaction between Group 9 Instruction (see Fig. 4)
revealed that, whereas the typically developing group was
more accurate in the implicit condition compared to the
explicit condition (t(51) = -4.84, p\ .0001), the ASD
sample performed as accurately in the implicit condition as
in the explicit condition (t(51) = -1.33, p = .1904). Note
that this effect cannot be due to a differential learning
effect in the explicit condition, as additional analyses show
a main effect of learning in the explicit condition (F(1,
51) = 6.00, p = .02), but no interaction effects (see Online
Appendix 3). The main effect of Target Type revealed that,
for both ASD and TD group, participants were most
accurate in finding open targets (M = .94, SD = .10),
second most accurate for closed targets (M = .91,
SD = .12) and least accurate for local targets (M = .89,
SD = .14) (post hoc comparisons p\ .005). The signifi-
cant interaction between Target Type 9 Instruction
revealed that the most difficult targets were the local ones
in the explicit condition and the closed ones in the implicit
condition, while the open targets were the easiest in both
conditions. The main effect of Noise revealed that, for both
participants groups, target detection was more accurate in
the absence of noise (M = .96, SD = .08) than when ori-
entation noise was present (M = .87, SD = .14). The main
effect of Complexity revealed that, for both participant
groups, simple targets were found more accurately
(M = .97, SD = .05) than complex targets (M = .85,
SD = .15).
A similar repeated-measures mixed model analysis with
logRT as dependent variable revealed similar effects: a
main effect of Instruction (F(1, 51) = 92.64, p\ .0001),
Target Type (F(2, 102) = 364.56, p\ .0001), Noise (F(1,
51) = 359.99, p\ .0001) and Complexity (F(1,
51) = 1192.78, p\ .0001), as well as two-way interaction
effects of Group 9 Instruction (F(1, 51) = 11.66,
p = .0013) and Target Type 9 Instruction (F(2,
103) = 8.89, p = .0003). None of the three-way interac-
tions proved significant (p[ .12). The main effect of In-
struction revealed that, for both ASD and TD group,
participants were faster on the second task with implicit
task instruction (M = 1181, SD = 404.92), compared to
the first task with explicit task instruction (M = 1311,
SD = 476.17). However, the significant Group 9 In-
struction interaction revealed that this effect was stronger
for the TD group than for the ASD group (see Fig. 5).
Note, again, that this effect cannot be due to a differential
learning effect in the explicit condition, as additional
analyses show a main effect of learning in the explicit
condition (F(1, 51) = 23.70, p\ .0001), but no interaction
effects (see Online Appendix 3). The main effect of Target
Type revealed that both the ASD and TD children were
fastest finding the open targets (M = 1078, SD = 352.42),
than the closed targets (M = 1179, SD = 421.19), and
slowest finding the local targets (M = 1478, SD = 459.87)
(all post hoc comparisons p\ .0001). The significant
interaction between Target Type 9 Instruction indicated
that, while all three target types were detected faster in the
implicit condition, this improvement in RT was the largest
for the local targets. The main effect of Noise revealed that,
for both participants groups, detection speed was faster in
the absence of noise (M = 1129, SD = 393) than when
orientation noise was present (M = 1362, SD = 467). The
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Fig. 4 Mean accuracy scores of Experiment 2 for the ASD and TD
group, for both instruction levels (Explicit vs. Implicit) and all three
target types (Local vs. Open vs. Closed). A repeated-measures mixed-
model analysis with accuracy as dependent variable revealed a main
effect of Instruction (F(1, 51) = 18.87, p\ .0001), Target Type (F(2,
102) = 45.33, p\ .0001), Noise (F(1, 51) = 369.12, p\ .0001) and
Complexity (F(1, 51) = 735.50, p\ .0001), as well as a two-way
interaction effect of Group 9 Instruction (F(1, 51) = 6.02,
p = .0176) and Target Type 9 Instruction (F(2, 103) = 19.37,
p\ .0001). Error bars represent SEM
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main effect of Complexity revealed that, for both partici-
pant groups, simple targets were found faster (M = 1023,
SD = 271.06) compared to complex targets (M = 1467,
SD = 477.12).
Discussion
The current study employed a Gaborized visual search
paradigm to assess the impact of task characteristics in
individuals with and without ASD. All participant groups
were group-wise matched for age, gender and FSIQ.
Experiment 1 employed visual search to investigate the
impact of distractor interference. Participants were
instructed to indicate whether a predefined (local or global)
target was situated on the left or right side of the screen,
while ignoring a possible (local or global) distractor.
Although some interesting effects were revealed, the pre-
dicted three-way interaction of Group by Distractor Con-
dition by Target Level was not revealed: both groups
proved equally sensitive to the absence or presence of a
distractor, regardless of the type of target or type of dis-
tractor. Experiment 2 employed a search paradigm to
investigate the influence of implicit versus explicit task
directions on local–global visual processing. Participants
were instructed to indicate whether a predefined (local,
open global or closed global) target was situated on the left
or right side of the screen, both under implicit and explicit
task directions. In line with our expectations, results
showed a differential effect of task instruction for ASD
compared to TD; while both groups performed equally well
when given an explicit task instruction, the TD group
outperformed the ASD group when given an implicit task
instruction. However, no Group by Target Type interaction
effect was found.
Distractor Interference
Although distractor tasks are not commonly used in ASD
inhibition literature, the available evidence suggests
increased interference for individuals with ASD, compared
to TD participants (Adams and Jarrold 2012). The current
study, however, found a similar degree of distractor inter-
ference for both groups. In addition, sensitivity to the
distractors was not modulated differently by local versus
global target types for both groups. As previously
explained, most of the previous studies that revealed
impaired distractor interference in ASD used a flanker task
(Adams and Jarrold 2012; Burack 1994; Christ et al.
2007, 2011; Remington et al. 2009). In these flanker tasks,
participants are usually aware of the precise location of the
distractor(s), i.e., flanking the target, while unaware of the
particular nature (congruent or incongruent) of the dis-
tractor(s). The same holds for the location of the distractors
elements used in classical Navon paradigms. In the current
Gaborized search paradigm, however, participants were
unaware of the location of the distractor, probably making
it more difficult to ignore and thereby increasing the overall
task demands. In addition, targets and distractors in the
current study were two separate stimuli which were
embedded in a field of Gabor patches (thus embedded
within a larger stimulus), while in most other designs target
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Fig. 5 Mean reaction times of Experiment 2 for the ASD and TD
group, for both instruction levels (Explicit vs. Implicit) and all three
target types (Local vs. Open vs. Closed). A repeated-measures mixed-
model analysis with logRT as dependent variable revealed a main
effect of Instruction (F(1, 51) = 92.64, p\ .0001), Target Type (F(2,
102) = 364.56, p\ .0001), Noise (F(1, 51) = 359.99, p\ .0001)
and Complexity (F(1, 51) = 1192.78, p\ .0001), as well as two-way
interaction effects of Group 9 Instruction (F(1, 51) = 11.66,
p = .0013) and Target Type 9 Instruction (F(2, 103) = 8.89,
p = .0003). None of the three-way interactions proved significant
(p[ .12). Error bars represent SEM
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and distractor elements are combined within one distinct
core stimulus (as is the case with the two-level hierarchical
Navon stimuli). In line with Lavie’s (1995) load-account, a
study by Wilson et al. (2008) has suggested that task load
or task demands are the main determinant of the extent to
which distractors are processed. With their study, they have
provided solid evidence that task load and distractor
interference correlate negatively: As Wilson and col-
leagues increased the task load, distractor interference
decreased, regardless of the location of the distractor (fix-
ation or periphery), the distinctiveness of the distractor, or
the absolute level of interference. In the current study, task
load was not only increased by the fact that participants
were unware of the distractor-location, but also due to the
fact that both the target and distractor were embedded in a
field of Gabor patches, which, evidently, functioned as
distractors or camouflage-elements, themselves.
Implicit Versus Explicit Task Instructions
Whereas studies on implicit versus explicit task directions
are fairly common in relation to executive functioning in
ASD (for example, see Van Eylen et al. 2015), not many
studies have investigated the impact of task directions in
relation to local–global visual processing. Koldewyn et al.
(2013) were the first to hint at the importance of task
instruction for ASD vision research. With their research,
Koldewyn et al. indicated that children with ASD have
intact global information processing abilities, yet are less
inclined to attend to and report global information. Here,
we show a differential effect of task instruction for par-
ticipants with and without ASD: While both groups per-
formed equally well when explicitly instructed to search
for a certain target type, the TD group outperformed the
ASD group under implicit task instruction (i.e., when the
target type was not specified). One could argue that the
effect of task instruction merely reflects a difference in
learning curve, as the explicit task condition always pre-
ceded the implicit task condition. Such an interpretation of
the data would suggest that while the TD group improved
over time (as their performance increased from the explicit
to the implicit condition) such learning effect is lacking for
the ASD group (as their performance did not improve from
the implicit to the explicit condition). However, several
previous studies found (explicit) learning to be intact in
ASD (e.g., Brown et al. 2010; Nemeth et al. 2010). A direct
test of differential learning for our data revealed a signifi-
cant learning effect in the explicit task, both in terms of
accuracy and RT performance, however, this learning
effect was similar for both groups (for more details, see
Online Appendix 3). Therefore, it seems safe to argue that
the ASD group in our study did not suffer from a learning
deficit, but that the lack of improvement on their behalf, is
due to the implicit nature of the second condition. The
participants with ASD did learn, as did their TD counter-
parts, but their performance in the implicit condition got
hindered by the randomized presentation of different types
of targets, which left the ASD participants (literally) ‘‘clue-
less’’ as to what target to look for. Impairments of behav-
ioral and cognitive flexibility might have hindered the ASD
group to quickly deduct the correct type of target and
respond adequately, and to switch from one trial to the
next. Behavioral and cognitive inflexibility is manifested
by an insistence of sameness and resistance of change,
making it more difficult to adapt and respond flexibly to
new situations (Green et al. 2007). In the current study, this
relates to the situation where the task instruction is given
implicitly and flexibility is required to adapt to the task
where target stimuli are presented in a randomized manner.
The Task Support hypothesis has also yielded some
interesting findings related to memory research that cor-
respond nicely with our findings. In an elegant task by
Bowler et al. (1997) participants were asked to perform two
distinct memory tasks. In a first task, comparable to our
implicit task, participants were given a general instruction
to study word lists and to remember as many of the lists as
possible. In a second task, comparable to our explicit task,
participants were asked to remember similar lists of words
but the encoding and retrieval strategies of participants
were tightly constrained by the demands of the task. In
other words: while the first task was unconstrained in terms
of memory strategies (or lacked support in terms of
memory strategies), the second task provide clear con-
straints or support with regard to which memory strategies
to employ. Their data, and the results of several other
researchers since (e.g., Bowler et al. 2004; Gaigg et al.
2008) showed that participants with ASD, compared to TD
individuals, suffered from memory impairment under the
unconstrained conditions, while their performance was
unimpaired performance when task constraints were
strong. Although these results pertain to memory, and not
visual processing, the relationship between performance of
the ASD group and the particular task conditions entails an
interesting parallel with our findings.
Details and Wholes
Differences in local–global visual processing between
individuals with ASD and TD individuals have long been
the subject of discussion (for a review, see Simmons et al.
2009; for a meta-analysis, see Van der Hallen et al. 2015b).
While in the earlier years, atypical visual processing in
ASD was viewed in terms of inabilities and deficits, in the
more recent years, atypical visual processing in ASD is
discussed in terms of difference in inclination or automatic
modes. Whereas TD individuals are known to be ‘‘global
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processers’’, individuals with ASD are thought to be more
automatically drawn to more local, detailed elements in
visual processing. In the current study, we employed a
range of targets, comprising local targets (composed of
merely one Gabor patch), open global targets (lines or
snakes) as well as closed global targets (shapes or RFPs), in
order to leave room for two- or three-way interaction
effects between both groups, the types of targets used, and
the particular task manipulations. However, both groups
proved fastest for open global targets (snakes or lines),
second fastest for closed, global targets, and slowest for
local targets. Hence, the global targets were the easiest,
both for the ASD group and TD group. No evidence was
found of a local processing bias for ASD. On the contrary,
the Group by Target Level interaction in Experiment 1
suggests a disadvantage for ASD on the local, more diffi-
cult, targets, compared to the global targets. A recent study
by Jachim et al. (2015) investigated contour integration for
open and closed contours in participants with ASD and
matched controls. In support of altered integration, their
results indicated a detection advantage for closed contours,
present in both the TD and ASD group, though smaller for
the ASD group. Again, in the current study, no such effect
was found, although the advantage for closed contours
itself, was replicated.
While the lack of a group by target type interaction
effect was perhaps to be expected for Experiment 1 and the
explicit conditions of Experiment 2, given their explicit,
structured nature, it comes as more of a surprise that such
an interaction effect is not present for the implicit condition
of Experiment 2. Here, there is far more room for differ-
ences in spontaneous, automatic processing to result in
time or accuracy differences between both participant
groups. However, no such effects were revealed.
In Sum
In the current study, two visual search tasks were employed
to assess the impact of task characteristics in individuals
with and without ASD. Despite the recent claims that,
across development and a broad range of symptom sever-
ity, individuals with ASD tend to outperform controls on
visual search task (Kaldy et al. 2013), neither of our
experiments found improved performance for the ASD
group. In addition, neither of these experiments found
strong differences in sensitivity to local versus global
levels of visual stimuli. Differences in sensitivity to the
particular task conditions, however, were pronounced.
Taken together, these data underline the importance of task
factors in the study of local–global visual processing in
ASD.
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